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2ral superelds, both in the adjoint 24 representation of







































diag(2; 2; 2; 3; 3) in the units of 1=
p
60. Sim-
ilar decomposition holds for (24). It is assumed that
the fth space like dimension y describes a compact S
(1)

























). With the following
























)  (+;  ) ; (1)
on the xed point y = 0 (identied with our 4D world) we
will have N = 1 SUSY with massless G
321
gauge bosons.
The remaining states in SU (5)=G
321
acquire large (GUT
scale) masses. Thus, states with parities (;), (;)
respectively have masses (2n+2)=R, (2n+1)=R, where n
denotes the quantum number in the KK mode expansion.
The SU (5) 'higgs' superelds, which contain the pair
of MSSM higgs doublets, are also introduced in the bulk.











), where H, H are 5,

5 plets




respectively are their mirrors. In
terms of G
321








































)  ( ;  ) ;









have zero modes and can be identied with
the MSSM doublets. All colored triplet partners become
superheavy and in this way the DT splitting occurs nat-




arise from dierent N = 2







in 5D. This can be considered a good starting point for
obtaining an adequately suppressed -term (however, at
4D level additional care must be exercised [12], [14] for
avoiding a large -term).
In orbifold constructions with a minimal setting, the
introduction of fermions in the bulk is not straightfor-
ward. For example, the d
c
and l states, which come from
the same








and, since the V
X
boson has parity ( ;+) [see
(1)], either d
c
or l should have parity ( ;+). This would
mean loss of some (zero mode) MSSM chiral states. For
overcoming this diÆculty, one could attempt to intro-
duce chiral states not in the bulk but directly on a brane
with no KK excitations. Although the theory would be
fully selfconsistent, we follow here a dierent procedure
and introduce in the bulk additional supermultiplets [10]

















parities, these states allow one to realize at
low energies complete three generations of MSSM mass-
less chiral states. It will turn out that the introduction of
these copies enables us to realize the democratic approach
for neutrinos and obtain a nice picture for the charged
fermion sector. From this point of view, the motivation
for introducing copies therefore becomes twofold.
In the bulk we introduce three generations of N = 2
supermultiplets X
N=2

















































are mirrors and their fragments have conju-
gate transformation properties under G
321
. The follow-

























 ( ; +) ; (3)
with opposite parities for the corresponding mirrors (we
assume generation independent parities), are consistent
with the prescriptions in (1), and it is easy to verify that















contain zero modes which we identify with the three chi-
ral quark-lepton families of MSSM.
In addition, we introduce a U(1) avor symmetry (on
whose origin we will comment later) and a singlet su-
pereld X carrying U(1) charge Q
X
=  1. We assume
hXi
M
  ' 0:2 (M is some cut o close to the fundamen-
tal scale). Because of the fact that the 'matter' states
come from dierent SU (5) multiplets, the constraints on
U(1) charge assignments are more relaxed (this turns out
to be suÆcient to obtain a nice and consistent picture).



















































] = a+ 3 ; Q[q
0
2
] = a+ 2 ; Q[q
0
3




0 is an integer and a, b, c are some phases unde-
termined for the time being). Note that (4) is satised
for each generation and l

all have the same U(1) charge.
Assuming Q(h
u
) =  a  b, Q(h
d
) =  b  c, the relevant
couplings generating the up and down quark and charged

































































































































The entries in textures (6) and (7) are taken for simplicity
to be real and are accompanied by factors of order unity
(here we will not concern ourselves with CP violating










































: 1 ; (10)













values that are consistent with the observations.










 1 ; (12)
which nicely t with the SK data. To generate neutrino
masses we introduce two right handed neutrinos N , N
0
[in 5D they are accompanied by appropriate mirrors N ,
N
0
with parities ( ; )] with U(1) charges Q(N ) = p +
1=2, Q(N
0




; c = 0 ; (13)



































































are dimensionless coeÆcients of order unity.



















(these assumptions are needed for the correct scales of
lepton number violations whose origin is still unexplained
in this setting), integration of N , N
0






















































' 8  10
 3
eV. Ignoring



















































, the scale relevant










realized within our 5D framework.
Let us now turn to the issue of baryon number and
matter parity violation. With the selections (5), (13), it


















are forbidden to all orders if a
is either an integer, or a > 2k + 1=2. The U(1) sym-
metry can also forbid dimension three and four baryon
number violating operators. As fas as the d = 5 opera-
tors are concerned, because of the absence of zero modes
in colored triplet 'scalar' states, potential nucleon decay
through their exchange does not arise in orbifold SUSY
















are eliminated if both 3a and 5a are non
integers (this choice is also compatible with matter parity
conservation).
Dimension ve nucleon decay at measurable rates















(3m+1)=3, such that   
9+3m+k
. ForM  10M
G
and














). The above cou-
plings also lead to proton decay with emission of charged
leptons. However, their rates are smaller by a factor of
 10. The democratic scenario predicts that p ! Ke
and p ! K proceed with nearly equal rates, such that





As far as dimension 6 nucleon decay is concerned, with
all matter introduced in the bulk and due to the copies,
the 5D bulk kinetic terms are irrelevant for nucleon de-





bosons, the light quark-lepton states are converted
into heavy states with masses of order 1=R. The only
source for nucleon decay could be some brane localized
non-diagonal kinetic operators allowed by G
321
and orb-

































are fragments from the coset SU (5)=G
321
. In order for






















is not an integer, the
corresponding operator is not allowed. From (5), (13) we









] is not an ineger,





























are absent. For a = (2m + 1)=4















will appear, but these terms alone do not induce nucleon
decay. Thus, thanks to the U(1) symmetry, d = 6 nucleon
decay is absent.
We conclude with some observations:





butions both from the charged lepton and neutrino sec-
tors. In the absence of cancellations between these con-
tributions we expect (12) to hold naturally. However,




0:2(' ), so that
4some cancellation between contributions from the two
sectors is needed. If future measurements turn out to fa-
vor a much smaller ( ) 
13
, then some new explanation
would be required.
b) The democratic approach also has important impli-
cations for lepton avor violating rare proccesses. Since
the neutrino Dirac Yukawa couplings in (14) for dierent
families are all of the same order, one can expect that
BR(! e) BR( ! ). For universal (at high scale)






(the most stringent expected
bound for  ! e [17]) requires p > q = 2; 3. For
tan   1  5 we can have p > q = 0.
c) The origin of lepton number violation scale (masses
of right handed neutrinos) is unexplained in this setting.
This is not surprizing in SU (5), but in GUTs such as







tion of lepton number is directly related to the B   L
breaking scale which, in a minimal setting, is close to
10
16
GeV. Thus, it would be interesting to extend the
present discussion to such models.
d) While the U(1) avor symmetry can provide an un-
derstanding of why proton decay has so far not been seen,
it remains to be seen if dimension ve operators should
be expunged or not. Hopefully, future measurements will
shed more light on this fundamental question, help deter-
mine some of the U(1) charges and test the democratic
approach by comparing decays with emission of charged
leptons.
e) The U(1) avor symmetry can be global or even
can be substituted by some discrete Z
N
symmetry which
arises in the fermion sector from some more fundamen-
tal theory. If U(1) is introduced in 5D as a vector-
like gauge symmetry [18], after compactication it can
cause localized anomalies on the orbifold xed points
[19]. Their cancellation could occur through bulk Chern-
Simons term, with possibly some additional states play-
ing an essential role [20], [12], [18].
f) One could imagine extending the U(1) avor sym-





within the orbifold constructions. Such avor
symmetries, apart from providing an expanation of hier-
archical structures, may yield additional predictions and
relations between fermion masses and their mixings.
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